We report on a coordinated program involving X-ray, ultraviolet, optical, and radio observations of the dM5e flare star Proxima Centauri. We detected one major X-ray flare event with ^(0.2-40 keV)
I. INTRODUCTION
The star Proxima Centauri ( = a Cen C = V645 Cen = Gliese 551) is a dM5e UV Ceti-type flare star, probably a distant member of the a Cen triple system (Walke 1979) (angular separation ~ 2°), and the closest star to the Sun at a distance of 1.31 pc. Flares on dwarf M stars have long been observed via optical photometry and spectroscopy (cf. Kunkel 1975 and Gershberg 1975 for reviews) , and in recent years by their EUV, X-ray, and radio emission (Heise et al 1975; Haisch et al 1977 Haisch et al ,1978 Karpen et al 1977 ; Kahn et al 1979) . Gershberg (1975) , among others, has compared stellar flares to solar flares, but our understanding of the flare phenomenon remains quite limited. We do not yet know what mechanism produces flares, often a factor of 10 2 -10 3 times more intense than the most energetic solar flares, nor do we know much about the temperatures, densities, or sizes of the flare material involved (cf. Gurzadyan 1966 (cf. Gurzadyan , 1971 Grindlay 1970; Mullan 1976 ; Kodaira 1977 for theoretical models). By simultaneously observing in as many regions of the spectrum as possible, we hope to be able to determine some of these fundamental parameters and to distinguish between " primary emission " from the hot flare material itself and "secondary emission" due to heating of the stellar photosphere and chromosphere via radiation and conduction from the hot flare plasma. Kunkel (1970) obtained extensive optical photometry of Prox Cen from which he was able to derive statistics for the probability of occurrence of optical flares of various strengths in a given time interval (Kunkel 1973 (Kunkel , 1975 . Haisch et al (1977) reported the first detection of EUV (44-190 Â) flare radiation observed during the ApolloSoyuz manned space mission, but this detection cannot be considered definitive because many stars of similar visual magnitude were in the large field of view of the experiment. A subsequent coordinated X-ray, optical, and HAISCH ET AL.
Vol. 245 microwave observing program in 1977 May by , using the SAS 3 X-ray satellite, resulted in the detection of 30 optical flares and 12 possible 6 cm radio bursts, but no X-ray emission. We report here on the results of a simultaneous observing program utilizing the more sensitive Einstein Observatory (HEAO 2) X-ray satellite, the International Ultraviolet Explorer (IUE) satellite, the CSIRO 64 m Parkes radio telescope, and three ground-based optical telescopes in Australia. Table 1 lists the observing facilities taking part in the simultaneous observations on 1979 March 6 at 13 h -18 h UT and on 1979 March 7 at 13 h -17 h UT. Bad weather over parts of Australia, New Zealand, and Java unfortunately precluded observations from six other optical observatories. Figure 1 depicts the times during which each facility observed Prox Cen.
II. SIMULTANEOUS OBSERVATIONS
The Einstein (HEAO 2) X-ray observations were made by the imaging proportional counter (IPC), a position sensitive counter with a field of view of ~ 1° and spatial resolution of ~ 1'. The spectral range over which the IPC is sensitive is ~ 0.2-4.0 keV. Event timing and pulse height analysis provide 63 ps time resolution and 32 channel energy resolution, respectively. A summary of the IPC specifications and instrument performance is presented by Giacconi et al (1979) .
It is important to point out that the IPC is a far more sensitive instrument for detecting soft X-rays from point sources than either SAS 3 or the A-2 experiment on HEAO I, which were used in previous studies of flare stars. This greater sensitivity results from the large effective area of the IPC ( ~ 150 cm 2 at 0.25 keV) compared to 8.0 cm 2 for SAS 3 (Hearn et al 1976) and the far better imaging properties of the IPC, which allows for better discrimination against the variable 0.25 keV background. As described below, we detected a flare on Prox Fig. 1 .-A schematic summary of the simultaneous observations for March 6,7 showing: (a) the Einstein (HEAO 2) X-ray photon count rates and times of observation ; (b) the 6 cm radio bursts seen by the Parkes radio telescope with height proportional to strength (mly); (c) optical coverage with the three flare observations during this interval pictured as spikes; (d) the intervals of the 10 /l/£ exposures. No. 3, 1981 OBSERVATIONS OF PROX GEN 1011
Cen with a peak flux Í0.2-4.0 keV) of (3. -62°27'42") . A more detailed description of these X-ray observations has been given by Haisch et al (1980) . The IUE observations consist of a sequence of 10 time-trailed low dispersion spectra obtained with the long (2000-3400 Â) and short (1150-2000 Â) wavelength spectrographs (cf. Boggess et al 1978 for details of the IUE instrumentation and in-flight performance). In order to maximize temporal coverage, we alternated long (LWR) and short (SWP) wavelength camera observations, reading out the signal on one while exposing the other. The length of each exposure varied from 25 to 70 min as shown in Figure 1 . At the beginning of each exposure the star was positioned at a reference point such that the stellar image ( ~ 3" in diameter) was at one end of the IUE large aperture (~ 10" x 20"). A pitch and yaw trim bias was then entered into the satellite guidance system so that the star would slowly drift along the length of the large aperture during the exposure. Except for image SWP 4509, the star drifted across approximately half to three-quarters of the length of the slit.
The successful optical observers at the Perth, Mount Stromlo, and Mount Tamborine Observatories used reflectors which ranged in aperture from 30 to 76 cm. All observers used cooled photoelectric photometers, U or B filters, and diaphragms with apertures of between 22" and 40". Perth Observatory also used an additional two channel photometer on a 16" reflector, recording photon counts at 10 ms intervals on red and blue channels simultaneously. The output of all photometers was recorded on strip charts with a time resolution of ~ 1 s.
The 5 GHz (1 = 6 cm) observations were made with the Parkes 64 m reflector and a cryogenic receiver with a system noise temperature of ~ 80 K and bandwidth of 500 MHz. High stability against receiver gain fluctuations and thermal emission from passing clouds was achieved by using the equipment in the beam wagging mode. A dual feed at the focus produced two beams which were alternately placed on and off the source, a beam switch and synchronous detector being used to extract the difference signal at 39 Hz between the on-source and off-source beams. A complete integration cycle lasted for 2 min, with the driving of the telescope, sampling of the data, and analysis of the difference signal being controlled by a computer. For a more complete description of the 6 cm observing method, together with a sample of the radiometer output, the reader is referred to Slee and Page (1979) .
III. RESULTS a) Correlation of 6 cm Bursts and Optical Flares The radio and optical observations included the three nights 1979 March 6,7, and 8. During the 24 hr observing interval six optical flares ranging in peak magnitude from AU ~ 0.6 to AU ~ 4.5 mag were detected, and 12 radio events with peak flux densities in the range 7.3-11.9 mJy were independently selected as probable radio bursts. The radio and optical events are listed in Table 2 , which gives the peak flux density and time of the radio event and the AU and time of the optical flare peak. Upper limits for the 6 cm flux or optical AU values are given for those events in which radiation was detected in only one or the other wave band. No optical monitoring was in progress during two of the radio bursts on March 6.
A radio event was deemed significant if either the amplitude of a single 2 min integration exceeded the 3 <7 level of 9.3 mJy, or two or more successive 2 min integrations exceeded the 2 <7 level of 6.2 mJy. The time intervals for the radio flares given in Table 2 are those during which the 6 cm flux exceeded the 2 <7 level. The radio observing conditions were optimum for the three nights with good receiver stability and clear sky; the rms fluctuation level of the 2 min integrations over ~ 8 hr was 3.1 mJy for each of the three nights.
It is clear from Table 2 that 10 radio bursts and six optical flares were detected in the common observing interval. There seems to be a broad correlation between the radio bursts and optical flares since the two active nights optically (March 6 and 8) were also the nights on which all except one of the radio bursts were detected. The detailed correlation between the optical and radio events is, however, not very high as only three 6 cm bursts are regarded as significantly correlated in time with optical flares (see Table 2 ), including the major optical flare of March 8. We feel confident in linking these radio and optical events since the optical flare and radio burst rates are sufficiently low that it is very improbable that one would occur by chance within 6 or 7 min of the other. Three optical flares were not accompanied by a detectable 6 cm burst within 5 min, while seven radio bursts had no accompanying detectable optical flare. While there is no simple correlation between optical and 6 cm flares in general, we note the statistically significant time correlations of individual events, the tendency for 6 cm flares to lag the peak of the optical flares by ~ 5 min (mean of the three correlated events), and the absence of any correlation in 6 cm and optical flare amplitudes. Spangler and Moffett (1976) came to similar conclusions in their study of flares in 4 dMe stars using optical and 430, 318, and 196 MHz data. We have no information on the flare radio spectra, but if the microwave emission comes from an optically thin flare plasma, then a flat spectrum (1 < 2 < 100 mm) can be assumed and the emission measure computed from the observed peak flux density and an assumed electron temperature. The median emission measure derived by assuming T = 10 7 K is EM = J n e 2 dV = 1.1 x 10 53 (cm -3 ), which is three orders of magnitude larger than estimated from the thermal X-ray emission from the brightest solar flares. Such a high emission measure could be achieved by increasing the electron density in the flare plasma by a factor of ~ 30 compared with the brightest solar flares, by increasing the linear dimensions by ~ 10, or perhaps by increases in both electron density and linear dimensions.
It is more likely that the 6 cm emission is either non thermal, similar to the strong microwave nonthermal bursts that occur during solar flares, or thermal at a temperature in excess of 10 8 K, representative of the impulsive phase of flares. Solar microwave bursts of presumably nonthermal origin may have flux densities about three orders of magnitude larger than the thermal component and change greatly in intensity from one flare to another. This behavior would be more consistent with the observed lack of correlation between most optical flares and 6 cm bursts from Prox Cen.
Spangler and Moffett (1976) cite arguments for the coherent nature of radio flare emission. Their primary argument is that incoherent synchrotron emission leads to a source volume very much larger than the emitting star, whereas coherent synchrotron emission can produce observed flux in volumes small compared to a dMe star. Mullan (private communication) points out additional evidence for coherent emission. The observed 12 mJy flux density from a volume of scale size 10 9 cm (see below) implies a brightness temperature of 4 x 10 12 K and thus a nonthermal process. Mullan argues that this process cannot be incoherent synchrotron emission because selfabsorption for magnetic fields > 1 Gauss will cut out all emission below ~ 20 GHz. Thus, the emission process is probably coherent and could be either a plasma collective process or coherent synchrotron emission. For the latter case, the resulting radio emission will be highly beamed, and the observed lack of correlation between radio and optical amplitudes could be due to the variable orientation of the beam of radio emission relative to the Earth. If the emission is due to a plasma collective process, the lack of correlation of radio and optical amplitudes should be due to the extreme sensitivity of coherent radio emission to small changes in the local plasma properties.
At present we have no estimate of the magnetic field strength in the stellar flare plasma and therefore can not deduce the properties of the charged particles. During solar flares, the strong nonthermal microwave bursts are closely correlated with variations in the hard X-ray emission (> 10 keV). It is therefore likely that future satellite observations in the hard X-ray band, together with more sensitive cm observations of high time resolution, will be able to distinguish between various possible mechanisms for microwave emission from stellar flares.
b) X-ray Observations
The times of X-ray, ultraviolet, optical, and radio observations on March 6 and 7 are indicated in Figure 1 , together with the IPC total X-ray count rates. All of the detected X-ray photons were lumped into 300 s bins No. 3, 1981 OBSERVATIONS OF PROX CEN 1013 without regard to their energy. The X-ray flux seems to be characterized by a background emission of ~ 0.3 counts s -1 upon which is superposed a major flare event from 14:45-15:15 on March 6 (peak count rate 1.5 ± 0.1 s -1 ), the decay phase of an active event from 14:10-15:00 on March 7, and random fluctuations on the order of 0.1-0.2 counts s' 1 . A detailed discussion of the IPC count rate statistics, flux calibration, and spectral analysis is given in Haisch et al (1980) . Applying the spectral fitting program of Rosner and Vaiana discussed therein, we find that the hardness fluctuations of the X-ray spectrum are correlated with the flux changes. The background level of 0.3 counts s' 1 corresponds to a flux of 7 x 10" 12 ergs cm" 2 s" 1 (0.2-4.0 keV) at the Earth, with the spectral characteristics of a 4 x 10 6 K plasma. The major flare event is best characterized by temperatures of 1.7 x 10 7 K during the rise phase (~ 14:49-14:59 UT) and 1.2 x 10 7 K during the decay phase (14:59-15:09 UT), with X-ray fluxes of 3.0 x 10" 11 and 3.7 x 10" 11 ergs cm" 2 s" 1 , respectively. Note that the peak X-ray flux occurs after the temperature maximum.
We attribute the background flux to quiescent coronal emission. As discussed below and by Haisch and Linsky (1980) , this is consistent with the IUE observations of quiescent chromospheric and transition region emission lines in the ultraviolet. The flare event at 14:45-15:15 UT is the first detection of a time-resolved stellar X-ray flare that clearly shows changes in the spectral flux distribution, implying temperature changes in the flaring plasma. Furthermore, this event occurred fortuitously at a time when all three of the optical observers, the radio observer, and IUE were monitoring the star, but no optical flares or radio bursts were seen at that time. c) Ultraviolet Spectra We anticipated seeing in the IUE spectra during a flare one or more of the following: continuum emission due to 10 7 K bremsstrahlung, a recombination continuum due to conversion of X-ray photons into 2 > 912 Â photons predicted by and Mullan and Tarter (1977) , the appearance or enhancement of typical transition region emission lines such as N v 21240, Si iv 221394 and 1403, C n 21335, C m 21175, and C iv 21549 (Lites and Cook 1979; , or the appearance or enhancement of chromospheric lines such as La, Mg ii h and /c, Fe n, and Cr n (Giampapa et al. 1978) .
Using our time-trailing procedure, we typically obtained a temporal resolution of 5-10 min, given by the time needed to trail half the 3" stellar image size perpendicular to the dispersion. Time-resolved spectra were extracted from the standard IUE image processing procedure by examining the set of 55 spatially resolved gross spectra which are the equivalent of vidicon scan lines parallel to the dispersion. Scan lines 23-34 are included in the length of the large aperture, and the others are used for background noise determination in the standard data reduction procedure. We found the strongest feature in the SWP (1150-2000 Â) exposures to be geocoronal La. Since it is difficult to separate geocoronal from stellar La emission due to the uneven transmission of the aperture with position and perhaps pixel crosstalk, we could not measure reliably any variation in stellar La emission.
The first of the IUE SWP exposures began just at the time of the X-ray flare maximum and extended through the X-ray flux decay phase (cf. Fig. 1 ). The next SWP exposure took place entirely during a period of only small fluctuations over the background X-ray emission. The final SWP exposure of March 6, although obtained with a too rapid drift rate, included the optical flare seen at the Perth and Mt. Stromlo Observatories.
Despite three different states of flare activity on Prox Cen during the first three SWP exposures, no obvious flare emission is apparent in any of the individual scan lines. However, when we co-added the scan lines for each exposure containing the trailed stellar image, we found a definite stellar emission line spectrum. A comparison of the composite spectra for each of the five SWP exposures yielded the unexpected result that they are all virtually identical. Subtraction of the background noise component and application of the sensitivity curve of Bohlin (1978) 2) No continuum emission is apparent in any of the SWP spectra with an upper limit of ~/ A < 5 x 10" 15 ergs cm" 2 s" 1 Á" 1 in the spectral range 1200-2000Â. Given the lack of any apparent variability from one exposure to the next despite the occurrence of a strong X-ray flare during SWP 4507, an optical flare during SWP 4509, X-ray flux decay from an active phase during SWP 4526, X-ray flux small-scale variability during SWP 4508, and unknown X-ray activity with no optical flaring during SWP 4525, we must conclude that the observed stellar emission lines are quiescent chromospheric and transition region emission. Haisch and Linsky (1980) have analyzed these data.
The LWR (2000-3200 Â) exposures show similar results. An optical flare (and probable 6 cm burst) was observed at Mt. Stromlo on March 6 at 16:53 UT during exposure LWR 3445. Also, at the beginning of LWR 3953 some X-ray flaring may have occurred, although the duration of enhanced X-ray activity covered only a small time interval after reemergence of Prox Cen from Earth occultation, and thus is subject to large statistical uncertainty regarding the X-ray count rates. The other LWR exposures took place during intervals of no apparent optical flaring or 6 cm bursts and unknown X-ray activity. Again the individual scan lines showed no significant flare emission, and composite spectra for the different LWR images have virtually identical stellar line emission. After subtracting the background noise and applying the long wavelength sensitivity curve of Bohlin (1978), we conclude the following from the LWR exposures: 1) Mg ii h and k emission at 2800 Â is prominent in all five exposures, with perhaps marginal evidence of any HAISCH ET AL. Vol. 245 variability or possible change in the shape of the blended line profile.
2) At least 19 other emission features are present in the long wavelength spectra, which are identified in as due to Fe n, Cr n, Mn n, Ti n, and other possible low ionization ions. No significant variability is apparent from one exposure to the next.
3) No continuum emission is apparent in any of the LWR spectra with an upper limit of < 5 x 10" 15 ergs cm -2 s -1 Â -1 in the wavelength interval 2000-3200 Â. The presence of these emission lines is consistent with our interpretation of a chromospheric, transition region, and coronal origin for the SWP lines and the background X-ray emission. The LWR spectrum closely resembles the solar limb spectrum (Doschek, Feldman, and Cohen 1977; Burton and Ridgeley 1970) and is thus probably formed in the chromosphere and upper photosphere.
IV. DISCUSSION
The major result of this program is the detection with good temporal resolution and high signal to noise of the X-ray flare on March 6 14:45-15:15 UT without any corresponding radio, optical, or UV flare emission detected to our level of sensitivity. Given the temperature determinations of T ~ 1.7 x 10 7 K and 1.2 x 10 7 K during the rise and decay phases of the flare and the corresponding X-ray luminosities L x (0.2-0.4 keV) ^ 6.0 x 10 27 and 7.4 x 10 27 ergs s _1 , we use the theoretical soft X-ray spectrum calculations of Raymond and Smith (1977) to derive emission measures, EM = j n e 2 âV, for the flare. The power coefficient, P(ergs cm 3 s -1 eV -^ of Raymond and Smith (1977) for optically thin emission from a 10 7 K plasma of cosmic abundance may be approximated by:
where for log T = 7.0, A = 10" 26 and b = -5.24 x 10" 4 , and for log T = 7.2, A = 1.9 x 10" 27 and b = -3.46 x 10" 4 . The emission measures may then be derived from the observed X-ray luminosities, ,4000 eV 4000eV L x = I L(E)dE = n e 2 dV P(eV)d£ , (2) •^OOeV -^ 200 eV where P(eV)d£ = 8.0 x 10" 24 (log T = 7.2) and = 6.4 x 10" 24 (log T = 7.0) cm 3 s" 1 , to yield EM 1 = 7.5 x 10 50 cm" 3 andEM 2 = 12.0 x 10 5O cm~3. These EM values are somewhat larger than previously estimated by Haisch et al. (1980) . The lack of detectable 6 cm emission at this time yields an upper limit for the emission measure (assuming that T = 10 7 K and the flare plasma is optically thin) of J n e 2 dV < 8 x 10 52 (cm -3 ), which is consistent with the emission measures derived from the X-ray data. There was also apparently no strong nonthermal 6 cm emission associated with this flare, but we showed in § Ilia that the nonthermal microwave emission can be expected to change by orders of magnitude from one flare to another.
As discussed in § III, the microwave emission, or lack thereof, is not easy to interpret. Microwave emission from flares on the Sun may originate in three ways : nonthermal coherent processes associated with the impulsive flare phase, thermal emission at temperatures in excess of 10 8 K associated with the impulsive phase, and thermal emission from the thermal phase of the flare at temperatures on the order of 10 7 K. Contrary to popular belief, the impulsive phase does not precede the thermal phase and therefore cannot be the source of thermal heating. Rust (private communication) points out instead that the impulsive phase of solar flares, characterized by hard X-ray emission and microwave bursts, may occur during or after the main part of the thermal phase, and typically contains only ~ 10 or 20% of the total flare energy.
Although the upper limit on the microwave emission is not very informative, upper limits on optical emission during this flare are significant. Optical observations permit us to place a lower limit on the ratio of X-ray (primary) to optical (secondary) luminosity for this X-ray flare. Assuming that the optical observers would surely have detected a flare larger than AC/ = 0.2 mag, we use the absolute magnitude of Prox Cen, My = 18.97 mag (Frogel et al. 1972) , and the upper limit on A1/ to find Mistar + flare) > 18.77 mag, implying > 20.71 mag.
The optical flare model of Kunkel (1970) may then be used to find the corresponding upper limit on L opt , assuming from that model a bolometric correction, (B.C.)^ = -1.1 mag (cf. eq. [3] in Haisch et al. 1977 ). This results in L opt < 4.8 x 10 27 ergs s" 1 , and with a peak X-ray luminosity for the flare L x (0.2-4.0 keV) = 7.4 x 10 27 ergs s" 1 , we find L x /L opt > 1.5. In fact the total X-ray luminosity including additional radiation outside of this bandpass is probably a factor of 2 or 3 higher than this (Raymond, private communication) .
This estimate of L x /L opt must, however, be viewed with some caution. Kunkel's model assumes that the optical flare light is due to hydrogen recombination radiation from material heated to a temperature of ~ 20,000-25,000 K. As pointed out by Mullan (private communication), Kunkel's model fails to reproduce observed flare colors at maximum light and also predicts that flares evolve in a color-color diagram in the wrong direction. It is possible, therefore, that far more secondary (optical) radiation could exist elsewhere in the spectrum than is predicted on the basis of our (7-band upper limit and the attendant, model-dependent bolometric correction.
Fortunately, we also determined an upper limit on the secondary flare emission between 1200-2000 Â. Exposure SWP 4507 began at 14:56 UT, at the beginning of the maximum X-ray emission phase of the flare (cf. Fig. 1) , and included the remainder of the X-ray flare. From the discussion in § III we can place an upper limit on the mean luminosity in the 1200 -2000 A interval No. 3, 1981 OBSERVATIONS OF PROX CEN 1015 between 14:56and 15:25 UT, L m (UV) < 8.0 x 10 26 ergs s _1 . Clearly the timing and duration of the optical flare must be closely tied to the X-ray flare irrespective of whether the heating which produces the optical emission is due to conduction or to irradiation. Even if we pick an interval as short as 5 min for the unseen optical flare, the upper limit on the peak UV luminosity is still only L p (UV)< 4.8 x 10 27 ergs s -1 , which is coincidentally the same number as derived above for L opt . One can only guess at the luminosity between 2000 Â and the 1/ band in the absence of a model such as that of Kunkel, but since L p (UV) < L x , and L(U band) < L x , L opt is probably less than and almost certainly not much greater than L x . Since L x is most likely a factor of 2 or 3 larger than observed in the 0.2-4.0 keV bandpass, we have reasonable confidence in reasserting that L x /L opt > 1, independent of Kunkel's model.
It is possible that the absence of an observed optical flare counterpart to the X-ray flare is due to the footpoint of the flare lying over the limb of the star. While statistically unlikely, this possibility cannot be disproven. Assuming that that is not the case, what are the implications regarding radiative versus conductive cooling of the thermal flare plasma? We consider first the physical size and possible structure of the flare.
Unlike most previously observed stellar flares (cf. Kahn et al 1979) , the emission measures derived for this flare (~ 10 51 cm -3 ) and the peak X-ray emission (~ 10 28 ergs s _ ^ are comparable to, rather than orders of magnitude larger than, the largest, most energetic solar flares of class 3. The solar thermal X-ray flare plasma is typically confined to one or several arches clustered together in the form of a dome or an arcade (Moore etal. 1980) . For the largest solar flares the arch length is on the order of tt x 10 10 cm, with most of the X-ray emission coming from the top of the arch, / ^ 10 10 cm. The cross sectional radius of the arch may be ~ r ~ 10 9 cm, and typical densities are n c ^ 10 11 cm -3 . The emission measure for such a structure is therefore nr 2 ln e 2 ~ 3 x 10 50 cm -3 . Clearly a cluster of three or four such arches could nicely represent the Prox Cen flare plasma configuration. We note that such an arch is on a scale comparable to the stellar radius, r* = 1.3 x 10 10 cm. As in solar flares, the temperature of the Proxima Cen thermal X-ray plasma peaked during the rise phase of the flare at a temperature within the solar range of 1-3 x 10 7 K, while the EM continued to increase after the temperature maximum (Moore et al 1980) . The increase of the EM during the decay phase of the flare event, corresponding to the drop in temperature from 17 to 12 x 10 6 K, was similar to the behavior of many solar flares (Datlow 1975; Landini and Fossi 1979; Antiochos and Sturrock 1978; Elcan 1978) . The flare plasma apparently cooled by radiation and expansion, but at the same time new hot material must have been added to the flare plasma to explain the increasing EM (Datlow 1975 ). An exponential decay time z d of ~ 20 min is consistent with the observed behavior of a large solar flare, although the tail end of the flare emission for a class 3 solar flare may still be visible as much as a day later.
For a static plasma in a magnetically confined arch of uniform cross section at a temperature of ^ 1.5 x 10 7 K, the ratio of radiative to conductive cooling rates is: R c = 2 x 10 _ 17 (it/2)l 2 n e J7/2
This equation is slightly different from that given by Moore et al (1980) since we have used a cooling coefficient of 2 x 10" 23 ergs cm 3 s~1 (Raymond, private communication) , and we have assumed that the X-ray emission comes from the top section, /, of the arch, while the temperature gradient determining the conduction is dT/dr = T/(nl/2) down each side of the arch.
We find R r /R c = 2.4 for the flare parameters derived above. It is not surprising, therefore, that L x /L opt > 1 since more energy is radiated away than is conducted down to the footpoints of the flare. Half the radiated energy is radiated down onto the stellar surface, but the conversion of X-ray flux into optical radiation is probably only 10% efficient (Mullan and Tarter 1977) . Conduction can also be inhibited by the filamentary structure of the flare, turbulence in the flare plasma, and overall geometric narrowing of the flare arch between the top and the footpoints. Optically thin emission is unaffected by any of these considerations.
The radiative cooling time given by Moore ei a/. (1980) is:
which agrees very well with the observed T d ^ 1200 s. Two optical flares on March 6 at 16:53 UT (AU ^ 1.0 mag) and at 17:28-17:29 UT (AU = 1.2 mag), occurred during/C/E exposures LWR 3945 and SWP 4509, respectively. Einstein observations unfortunately ceased at 16:51 UT. The LWR 3945 image is virtually identical with the other two LWR exposures taken on March 6 during which no optical flares took place. The Mg n strength, appearance of other emission lines, and lack of any apparent continuum emission remains unchanged from one exposure to the next. The upper limit on continuum emission in the 2000-3200 Â interval, f¿< 5 x 10" 15 ergs cm -2 s -1 Â -1 , provides an upper limit to the average UV luminosity during the 30 min interval of L(2000-3000 Â) < 1.2 x 10 27 ergs s -1 . Since the observed duration of the optical flare was only 20 s, however, this upper limit on thepeak UV luminosity is a rather high value, L(2000-3000 A) < 1.1 x 10 29 ergss _1 . The observed AU = 1.0 mag corresponds to Ly = 1.4 x 10 27 ergs s" 1 (Allen 1973 ; Frogel et al 1972) , and using Kunkel's (1970) 20,000 K recombination model with (B.C.) = -1.1 and M Uff = 18.52 mag, we find L opt = 3.6 x 10 28 ergs s -1 . Much of this "optical radiation" would lie in the IUE LWR spectral region, but unfortunately the rather high upper limit on L (2000-3200 Â) does not provide much useful information.
A somewhat more restrictive upper limit on the chromospheric heating rate may be obtained from the Mg il h and k line blend. The average integrated flux of the Mg ii emission is /= 9 x 10~1 3 ergs cm -2 s" 1 . This corresponds to a total energy during the 30 min exposure of E T ~ 3.3 x 10 29 ergs. The Mg n flux in IUE image LWR 3945 is virtually the same as in the other exposures. We thus set an upper limit on excess energy radiated away by the Mg n emission due to heating of the chromosphere by flare conduction or radiation, £* < 0.1£ r = 3 x 10 28 ergs. Linsky and Ayres (1978) have estimated that 30% of the nonradiative heating of stellar chromospheres is balanced by radiative losses in the Mg il h and /c lines. (Note: nonradiative heating in that context refers to energy input by any mechanism other than the outward flow of radiative flux from the stellar interior.) The upper limit on possible excess radiative Tosses by Mg n emission thus corresponds to an upper limit on chromospheric heating of E h < E r /03 = 1 x 10 29 ergs. The energy contained in the optical flare is ~ E opi = ^L opt Ai ^ 3.6 x 10 29 ergs. This may indicate that the optical radiation is not entirely due to radiative or conductive heating, but rather to conversion of X-rays to optical photons.
V. CONCLUSIONS 1) The time-resolved X-ray flare exhibits many similarities to class 3 solar flares including : similar values of L x and EM, a decrease in temperature from the rise to decay phase, a time lag of ~ 5 min between the EM peak and the temperature peak, and a decay time of ~ 20 min.
2) If the electron density is also similar to that seen in solar class 3 flares (n e ^ 1 x 10 11 cm -3 ), then the flare on Proxima Cen can be modeled by a series of arches with dimensions comparable to the stellar radius. The decay time of 20 min is then consistent with predominantly radiative cooling.
3) Upper limits on the ultraviolet and optical emission during the X-ray flare lead to the result that L x /L opt > 1, without assuming any theoretical value of the bolometric correction. Thus, the primary radiation exceeds the secondary radiation in this flare. This is consistent with the estimated value of 2.4 for the ratio of radiative (X-ray) to conductive cooling rates for this flare.
4) Twelve possible 6 cm radio flares were detected, but only three are correlated with optical flares, and no radio flare emission was detected during the X-ray flare. We argue that the radio emission process is probably coherent and that the lack of detailed correlation of radio and optical or X-ray flares can be readily explained if the radiation is due to either a plasma collective process or coherent synchrotron emission.
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